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Abstract. Esophageal squamous cell carcinoma (ESCC) is a 
lethal disease due to its high aggressiveness. The aim of the 
present study was to investigate the role of xeroderma pigmen-
tosum complementation group D (XPD) in the growth and 
invasion of ESCC and to elucidate the potential underlying 
molecular mechanisms. Western blot analysis and RT‑qPCR 
were used to detect the expression level of XPD in ESCC tissue 
samples and adjacent normal esophageal tissue samples. The 
pEGFP‑N2/XPD plasmid was transfected into human ESCC 
cell lines (EC9706 and EC109). The proliferation, apoptosis, 
migration and invasion of EC9706 or EC109 cells were assessed 
following transfection with the XPD overexpression plasmid. 
The chemosensitivity of EC9706 or EC109 cells to cisplatin 
or fluorouracil was evaluated by CCK‑8 assay. The expres-
sion levels of phosphoinositide 3‑kinase (PI3K)/AKT, nuclear 
factor (NF)‑κB, Janus kinase 2 (JAK2)/signal transducer and 
activator of transcription 3 (STAT3) and mitogen‑activated 
protein kinase (MAPK) signaling pathway‑related genes were 
detected by RT‑qPCR and western blot analysis. The results 
demonstrated that the expression level of XPD was mark-
edly lower in ESCC tissue samples than in adjacent normal 
esophageal tissue samples. The pEGFP‑N2/XPD plasmid 
was successfully transfected into EC9706 or EC109 cells, 
inducing XPD overexpression. A High XPD expression mark-
edly suppressed cell proliferation, migration and invasion, 

and increased the apoptotic rate of EC9706 and EC109 
cells. Furthermore, the overexpression of XPD significantly 
increased the chemosensitivity of EC9706 and EC109 cells to 
cisplatin or fluorouracil. Following XPD overexpression, the 
expression levels of PI3K, p‑AKT, c‑Myc, Cyclin D1, Bcl‑2, 
vascular endothelial growth factor (VEGF) and matrix metal-
loproteinase (MMP)‑9 were markedly downregulated, while 
the expression level of p21 was markedly upregulated. On 
the whole, the findings of the present study demonstrate that 
XPD inhibits the growth and invasion of EC9706 and EC109 
cells, whilst also enhancing the chemosensitivity of EC9706 
and EC109 cells to cisplatin or fluorouracil by regulating the 
PI3K/AKT signaling pathway. XPD may thus be an underlying 
target for ESCC treatment and drug resistance.

Introduction

Esophageal squamous cell carcinoma (ESCC), a major histo-
logical type of esophageal cancer, is one of the most lethal 
malignant cancers. In 2018, there were an estimated 455,800 
new cases and 400,200 deaths related to ESCC worldwide (1). 
The 5‑year survival rate of patients with ESCC is <10% in 
China, and <20% in the United States. In China, ESCC is 
the main type of esophageal cancer, and its incidence has 
gradually increased over the past decade (2). ESCC can be 
caused by a variety of factors, including heavy smoking, 
alcohol consumption, foods rich in nitrosamines or contami-
nated with mycotoxins, Barrett's esophagus and esophageal 
reflux disease (3). Traditional treatments for ESCC include 
surgical resection, chemotherapy and radiotherapy. However, 
the majority of patients still suffer from tumor recurrence 
and metastasis following complete ESCC resection  (4). 
Chemotherapy is a widely used alternative in ESCC treat-
ment; however, drug resistance is widespread (5). Therefore, 
it is imperative to explore the pathogenesis of ESCC and 
develop novel therapeutic targets for ESCC treatment and drug 
resistance.

Malignant tumors result from the instability of the cell 
genome, which can occur when processes including DNA 
repair, DNA replication and chromosome segregation are 
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altered. Genetic mutation is the most common cause of DNA 
damage. Xeroderma pigmentosum complementation group D 
(XPD) can regulate the transcription initiation and cleavage 
repair of damaged nucleotide sequences and maintain the 
biological process in a normal and orderly fashion (6). XPD 
plays an important role in the repair of damage caused by 
oxidative stress (7). A previous study found that XPD gene 
polymorphism increases the risk of lung cancer in residents 
of coal mines (8). XPD polymorphisms are associated with 
the development of pre oral cancer as well as oral cancer and 
its clinical course (9). It has been found that XPD can inhibit 
the proliferation and migration of hepatocellular carcinoma 
cells  (10). However, the biological roles of XPD in ESCC 
remain unclear.

In the present study, the mechanisms through which XPD 
participates in the tumorigenesis and progression of ESCC 
were investigated. An XPD gene‑encoding plasmid was trans-
fected into ESCC cell lines (EC9706 and EC109 cells), and 
changes in the molecular biological behavior of EC9706 or 
EC109 cells were observed. In addition, the molecular mecha-
nisms underlying the XPD‑mediated regulation of ESCC cell 
growth and invasion were investigated.

Materials and methods

Reagents. Dulbecco's modified Eagle's medium (DMEM) 
and fetal bovine serum (FBS) were purchased from 
Gibco; Thermo Fisher Scientific, Inc. The vacant vector 
plasmid pEGFP‑N2 and the recombinant plasmid 
pEGFP‑N2/XPD were generously provided by Jiangxi 
Provincial Key Laboratory of Molecular Medicine and these 
plasmids have been described in previous studies  (10,11). 
Lipofectamine™ 2000 and TRIzol reagent were purchased 
from Invitrogen; Thermo Fisher Scientific, Inc. PCR primers 
were synthesized by Sangon Biotech. The total protein 
extraction kit was purchased from AmyJet Scientific Inc. 
The reverse transcription kit was purchased from Fermentas; 
Thermo Fisher Scientific, Inc. The Annexin V‑FITC/PI kit 
was purchased from Vazyme Biotech. The Cell Counting 
kit‑8 was purchased from Solarbio Science Technology. 
Transwell chambers were purchased from BD Biosciences. 
Anti‑XPD (ab54676) primary antibody was purchased 
from Abcam. Primary antibodies against phosphoinositide 
3‑kinase (PI3K; #4249), AKT (#4685), p‑AKT (Ser473) 
(#4060), Bcl‑2 (#15071), p21 (#2947), p‑p65 (Ser536) (#3033), 
p65 (#8242), p‑signal transducer and activator of transcrip-
tion 3 (STAT3; Tyr705) (#9145), STAT3 (#12640), p‑p38 
mitogen‑activated protein kinase (MAPK; Thr180/Tyr182) 
(#4511), p38 MAPK (#8690) and β‑actin (#4970) were 
purchased from Cell Signaling Technology, Inc. Horseradish 
peroxidase‑conjugated secondary antibodies (ZB‑2305 and 
ZB‑2306) were purchased from Beijing Zhongshan Golden 
Bridge Biotechnology Co. Ltd. Cisplatin, fluorouracil and 
LY294002 were purchased from MedChemExpress (MCE).

Clinical specimens. A total of 20 ESCC tissue samples and 
adjacent normal esophageal tissue samples (>5  cm away 
from the tumor) were collected from patients who underwent 
gastroscopy, endoscopic biopsy and pathological diagnosis 
at the Department of Gastroenterology of Third Affiliated 

Hospital of Nanchang University (Nanchang, China) between 
September, 2018 and December, 2018. The 20 ESCC cases 
were obtained from 14 males and 6 females aged 41‑77 years. 
No patient had received radiotherapy or chemotherapy prior 
to the endoscopic biopsy. The present study was approved by 
the Human Ethics Committee of Third Affiliated Hospital of 
Nanchang University and prior written consent was obtained 
from all patients.

Cells and cell culture. The human ESCC cell lines, EC9706 
and EC109, were obtained from the American Type Culture 
Collection (ATCC). All cells were cultured in DMEM supple-
mented with 10% FBS, 100 U/ml penicillin and 100 µg/ml 
streptomycin and incubated in a humidified incubator at 37˚C, 
5% CO2 and 95% air.

Cell transfection. The EC9706 or EC109 Cells were divided 
into 3 groups as follows: i) The untransfected control group 
(Ctrl); ii)  pEGFP‑N2 empty plasmid transfection group 
(pEGFP‑N2); and iii) the pEGFP‑N2/XPD plasmid transfection 
group (pEGFP‑N2/XPD). The detailed procedures for trans-
fection were described in a previous study by the authors (12). 
At 48  h following the transfection of the pEGFP‑N2 or 
pEGFP‑N2/XPD plasmids, green fluorescence was observed 
under a fluorescence microscope (Olympus Corp.). Western 
blot analysis and RT‑qPCR were used to detect the protein and 
mRNA expression levels of XPD.

Cell proliferation assay. At 0, 24, 48, 72 or 96 h following trans-
fection with XPD plasmid, the EC9706 or EC109 cells were 
seeded into 96‑well culture plates at a density of 4x103 cells/well. 
In addition, for the pEGFP‑N2/XPD  +  LY294002 group, 
the EC9706 or EC109 cells were treated with 10 µmol/l of 
LY294002 for 0, 24, 48, 72 or 96 h following transfection with 
XPD plasmid. The cells in each group were washed with PBS 
and incubated with 100 µl CCK‑8 solution for 1 h at 37˚C. 
The absorbance at 450 nm was measured using a microplate 
reader (Thermo Fisher Scientific, Inc.). Each independent 
experiment was performed 3 times. Data were calculated as 
the means ± SD.

Cell apoptosis assay. The EC9706 or EC109 cells in each 
group were trypsinized and collected by centrifugation 
at 37˚C for 5 min at a speed of 1,000 x g. A total of 1x105 cells 
were then resuspended in 500 µl of buffer and incubated with 
Annexin V‑FITC/PI kit for 15 min at room temperature. The 
apoptotic rate of EC9706 or EC109 cells was detected using 
a flow cytometer (FACSCalibur, BD Biosciences). Each 
experiment was performed in triplicate independently.

Cell Transwell migration and invasion assays. Cell migration 
and invasion assays were performed using Transwell cham-
bers without or with Matrigel according to the manufacturer's 
instructions and as previously described (12). A total of 2x105 

EC9706 or EC109 cells were seeded into the upper chamber 
of the insert in serum‑free DMEM. The lower chamber of 
the insert contained DMEM supplemented with 10% FBS 
as a chemoattractant. Following incubation in a humidified 
incubator at 37˚C 5% CO2 and 95% air for 48 h, EC9706 or 
EC109 cells remaining on the insert's top layer were wiped 
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off with a cotton swab. Cells that migrated or invaded to the 
lower surface of the membrane were stained with crystal violet 
(Beijing Solarbio Science & Technology Co., Ltd.) for 20 min 
at room temperature and imaged under an inverted light 
microscope (x50 magnification). Cells in 5 fields were counted 
to calculate the cell migration or invasion. Each experiment 
was performed in triplicate.

Chemosensitivity assay. At 24 h following transfection with 
the XPD plasmid, EC9706 or EC109 cells were seeded into 
96‑well plates at a density of 4x103 cells/well. The medium 
was then discarded and the cells were incubated at 37˚C in 
the presence of 0, 20, 40, 80 and 100 µg/ml cisplatin or fluoro-
uracil for 72 h. EC9706 or EC109 cell sensitivity to cisplatin 
or fluorouracil in each group was detected by CCK‑8 assay as 
described above. Cell viability (%) was calculated by using the 
following formula: OD value (0, 20, 40, 80, or 100 µg/ml)/OD 
value (0 µg/ml) x100%.

RT‑qPCR. Total RNA was isolated from all tissue samples, 
EC9706, or EC109 cells according to the standard TRIzol 
method. A total of 1 µg RNA was used as a template for cDNA 
synthesis using a reverse transcription kit at 37˚C for 15 min 
and 85˚C for 30 sec. XPD, PI3K, AKT, Bcl‑2, c‑Myc, p21, 
Cyclin D1, vascular endothelial growth factor (VEGF), matrix 
metalloproteinase (MMP)‑9 and β‑actin primers were designed 
using Primer Premier 5.0 software. The primer sequences 
are presented in Table I. Quantitative PCR was performed 
using TB Green Premix Ex Taq (Takara Bio, Inc.) under the 
following thermal cycling conditions: Initial denaturation 
at 95˚C for 5 min; subsequent 40 cycles of 95˚C for 30 sec and 
60˚C for 30 sec. The relative expression mRNA levels of XPD, 
PI3K, AKT, Bcl‑2, c‑Myc, p21, Cyclin D1, VEGF and MMP‑9 
were calculated using the 2‑ΔΔCq (13) method. β‑actin was used 
as an endogenous control. All reactions were repeated 3 times.

Western blot analysis. Total protein of all tissue samples, 
EC9706 or EC109 cells was extracted using a total protein 
extraction kit. The protein concentration was measured 
using the BCA assay kit according to the manufacturer's 
instructions. Protein samples were separated by 10% SDS 
polyacrylamide gel electrophoresis and transferred to nitro-
cellulose membranes. The membranes were blocked with 5% 
non‑fat milk in Tris buffered saline containing Tween‑20. The 
membranes were then incubated with specific primary anti-
bodies against XPD (1:1,000), PI3K (1:1,000), AKT (1:1,000), 
p‑AKT (1:2,000), Bcl‑2 (1:1,000), p21 (1:2,000), p65 (1:1,000), 
p‑p65 (1:1,000), STAT3 (1:1,000), p‑STAT3 (1:2,000), p38 
MAPK (1:1,000), p‑p38 MAPK (1:1,000) and β‑actin (1:3,000) 
at 4˚C overnight, followed by incubation with horseradish 
peroxidase‑conjugated secondary antibodies (1:800) for 1 h 
at room temperature. Finally, the signal was visualized using 
ECL reagent. ImageJ 1.8.0 software was used to determine the 
density of the protein bands. Anti‑β‑actin antibody was used 
as an endogenous control.

Statistical analysis. All experiments were performed at least 
3 times and all final data were expressed as the mean ± SD. 
Graphpad prism 7.0 software was used to evaluate the experi-
mental data through one‑way analysis of variance (ANOVA) 

among groups and the LSD post hoc test. The t‑test was used 
to determine differences between 2 groups. Differences in the 
expression levels of XPD in ESCC tissue samples were evalu-
ated using a Fisher's exact test or Pearson's χ2 test. Differences 
at P<0.05 were considered statistically significant.

Results

XPD expression is downregulated in human ESCC tissue 
samples. To examine the expression level of XPD in ESCC, 
20 pairs of human ESCC tissue samples and adjacent normal 
esophageal tissue samples were collected to detect the mRNA 
and protein expression levels of XPD. The mRNA and protein 
expression levels of XPD were markedly decreased in human 
ESCC tissue samples compared to adjacent normal esophageal 
tissue samples (Figs. 1 and S1). The association between XPD 
expression and various clinicopathological characteristics is 
shown in Table II. XPD expression was associated with histo-
logical grade (P=0.011) and clinical TNM stage (P=0.032), 
indicating that XPD may be associated with the progression 
of ESCC.

Successful transfection of XPD plasmid and upregulation of 
XPD. The pEGFP‑N2/XPD plasmid or pEGFP‑N2 plasmid 
were transiently transfected into EC9706 cells and EC109 
cells. At 48 h following transfection, the cells were observed 
under a fluorescence microscope. As shown in Fig. 2A, cells 
successfully transfected with pEGFP‑N2/XPD or pEGFP‑N2 

Table I. Primer sequences used for RT‑qPCR.

Gene	 Primer sequences

XPD	 F: 5'‑TCTGCCTCTGCCCTATGAT‑3'
	 R: 5'‑CGATTCCCTCGGACACTTT‑3'
PI3K	 F: 5'‑TGGCCTTAGCTCTTAGCCAAACAC‑3'
	 R: 5'‑ATTGGAACACGGCCTTTGACA‑3'
AKT	 F: 5'‑CTGTGCCTATGCTGCCCAT‑3' 
	 R: 5'‑CAGTGCGATGTCGTGGAGG‑3'
Bcl‑2	 F: 5'‑GGATAACGGAGGCTGGGATGC‑3'
	 R: 5'‑GACTTCACTTGTGGCCCAGAT‑3'
c‑Myc	 F: 5'‑TGTGTTACGGTCGCGTCTTT‑3'
	 R: 5'‑AACAGCTCGGTCACCATCTC‑3' 
p21	 F: 5'‑GACCTGTCACTGTCTTGTAC‑3'
	 R: 5'‑CTCTCATTCAACCGCCTAG‑3' 
Cyclin D1	 F: 5'‑CCAGACCCACGTTTCTTTGC‑3'
	 R: 5'‑ATCCCTAGAAACACCACGGC‑3'
VEGF	 F: 5'‑ ACCCACTCACTGGCTGTTT‑3'
	 R: 5'‑CGGGCTCTGAGATGTTCAG‑3'
MMP‑9	 F: 5'‑ TAGACGCTGCTCCCCTCA‑3'
	 R: 5'‑GCGGGTGTAACCATAGCG‑3'
β‑actin	 F: 5'‑AAGGTGACAGCAGTCGGTT‑3'
	 R: 5'‑TGTGTGGACTTGGGAGAGG‑3'

XPD, xeroderma pigmentosum complementation group D; PI3K, 
phosphoinositide 3‑kinase; VEGF, vascular endothelial growth 
factor; MMP‑9, matrix metalloproteinase 9, F, forward, R, reverse.
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plasmid exhibited green fluorescence. No green fluorescence 
was observed in the control (Ctrl) group. The results of 
western blot analysis and RT‑qPCR revealed that the mRNA 
(Fig. 2B and C) and protein (Fig. 2D‑F) expression levels of 

XPD in EC9706 cells or EC109 cells of the pEGFP‑N2/XPD 
group were markedly upregulated.

XPD overexpression suppresses the proliferation of EC9706 
cells and EC109 cells. Cell viability was used to investi-
gate whether XPD overexpression affects the proliferation 
of EC9706 or EC109 cells. At 24, 48, 72 or 96 h following 
transfection with XPD plasmid, the optical density (OD) 
value of the pEGFP‑N2/XPD group was significantly reduced 
compared to the that of the control (Ctrl) group and pEGFP‑N2 
group (P<0.05 or P<0.01; Fig. 3A and B). There was no signifi-
cant difference in the OD value between the Ctrl group and 
pEGFP‑N2 group (P>0.05; Fig. 3A and B). XPD overexpres-
sion can thus inhibit the proliferation of EC9706 and EC109 
cells.

Upregulation of XPD increases the apoptosis of EC9706 
and EC109 cells. As shown in Fig. 3C‑E, compared with the 
Ctrl group and the pEGFP‑N2 group, the apoptotic rate of the 
EC9706 or EC109 cells in the pEGFP‑N2/XPD group was 
significantly higher (P<0.001). There was no marked differ-
ence in the cell apoptotic rate between the Ctrl group and 
the pEGFP‑N2 group (P>0.05). XPD upregulation can thus 
promote the apoptosis of EC9706 and EC109 cells.

XPD overexpression inhibits the migration and invasion of 
EC9706 and EC109 cells. Transwell migration and invasion 
assays were used to examine the effects of XPD overexpression 
on the migration and invasion of EC9706 or EC109 cells. As 
shown in Fig. 3F‑H, compared to the Ctrl group and pEGFP‑N2 
group, the migratory capacity of the EC9706 or EC109 cells in 
the pEGFP‑N2/XPD group was markedly decreased (P<0.01). 
Compared to the Ctrl group and the pEGFP‑N2 group, the 

Figure 1. XPD expression in ESCC and adjacent normal esophageal tissues. The expression levels of XPD (A) mRNA and (B and C) protein in ESCC tissue 
samples and adjacent normal esophageal tissue samples were detected by RT‑qPCR and western blot analysis, respectively. Data represent the means ± standard 
deviation. ESCC, esophageal squamous cell carcinoma; XPD, xeroderma pigmentosum complementation group D; Adjacent NE, adjacent normal esophagus.

Table  II. Association between XPD expression and clinico-
pathological factors of ESCC patients.

	 XPD
	 expression
	 No. of	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Factors	 patients	 Low	 High	 P‑value

Sex				    0.354
  Male	 14	 8	 6	
  Female	 6	 5	 1
Age (years)				    0.174
  <55	 7	 3	 4	
  ≥55	 13	 10	 3
Histological (differentiation)				    0.011
grade
  Well	 1	 0	 1	
  Moderately	 5	 1	 4
  Poorly	 14	 12	 2
TNM stage				    0.032
  I	 2	 0	 2	
  II	 7	 3	 4
  III	 6	 5	 1
  IV	 5	 5	 0
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upregulation of XPD in the EC9706 cells or EC109 cells 
significantly reduced the invasive ability (P<0.001; Fig. 3I‑K). 
There was no significant difference in the migratory and inva-
sive capacities between the pEGFP‑N2 group and Ctrl group 
(P>0.05; Fig. 3F‑K). XPD upregulation can thus inhibit the 
migration and invasion of EC9706 or EC109 cells.

Overexpression of XPD enhances the chemosensitivity of 
EC9706 and EC109 cells to cisplatin or fluorouracil. At 24 h 
following transfection with XPD plasmid, the EC9706 or 
EC109 cells were incubated in the presence of 0, 20, 40, 80 and 
100 µg/ml cisplatin or fluorouracil for 72 h. As shown in Fig. 4, 

the results of CCK‑8 assay revealed that compared with the 
Ctrl group and the pEGFP‑N2 group, the chemosensitivity 
of the EC9706 and EC109 cells to cisplatin or fluorouracil in 
the pEGFP‑N2/XPD group was markedly enhanced (P<0.05 
or P<0.01). XPD overexpression can thus increase the 
chemosensitivity of EC9706 and EC109 cells to cisplatin or 
fluorouracil.

Upregulation of XPD inhibits the PI3K/AKT signaling 
pathway. Previous studies have found that the tumorigenesis 
and progression of ESCC are associated with the PI3K/AKT 
signaling pathway (14,15). In the present study, RT‑qPCR and 

Figure 2. XPD expression is upregulated following transfection with pEGFP‑N2/XPD plasmid. (A) Green fluorescent protein was observed after pEGFP‑N2 
or pEGFP‑N2/XPD plasmid transfection (x100 magnification). The expression levels of XPD (B and C) mRNA and (D‑F) protein in EC9706 or EC109 
cells were detected by RT‑qPCR and western blot analysis, respectively. **P<0.01 or ***P<0.001, vs. Ctrl group or pEGFP‑N2 group (n=3). pEGFP‑N2/XPD, 
pEGFP‑N2/XPD plasmid was transfected into EC9706 or EC109 cells; pEGFP‑N2, pEGFP‑N2 plasmid was transfected into EC9706 or EC109 cells; Ctrl, no 
transfection; XPD, xeroderma pigmentosum complementation group D.
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Figure 3. Effects of XPD overexpression on the proliferation, apoptosis, migration and invasion of EC9706 and EC109 cells. (A and B) CCK‑8 assay was 
used to detect the proliferation of EC9706 or EC109 cells. (C‑E) Flow cytometry was used to detect the apoptosis of EC9706 or EC109 cells. The effects 
of XPD overexpression on the migration (F‑H) and the invasion (I-K) of EC9706 or EC109 cells were examined by Transwell assay. Data represent the 
means ± standard deviation. *P<0.05, **P<0.01 or ***P<0.001, vs. Ctrl group or pEGFP‑N2 group (n=3). pEGFP‑N2/XPD, pEGFP‑N2/XPD plasmid was 
transfected into EC9706 or EC109 cells; pEGFP‑N2, pEGFP‑N2 plasmid was transfected into EC9706 or EC109 cells; Ctrl, no transfection; XPD, xeroderma 
pigmentosum complementation group D.
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western blot analysis were used to investigate the potential 
effects of XPD overexpression on the expression levels of 
PI3K/AKT signaling pathway‑related factors in the EC9706 
or EC109 cells. As shown in Fig. 5A and B, compared with the 
pEGFP‑N2 group and the Ctrl group, the mRNA expression 
levels of PI3K, Bcl‑2, c‑Myc, Cyclin D1, VEGF and MMP‑9 
in the EC9706 or EC109 cells of pEGFP‑N2/XPD group were 
markedly decreased (P<0.05 or P<0.01), whereas the mRNA 
expression of p21 was markedly increased (P<0.01). There 
was no significant difference in mRNA expression level of 
AKT among the pEGFP‑N2/XPD, pEGFP‑N2 and Ctrl groups 
(P>0.05). As shown in Fig. 5C‑F, compared to the pEGFP‑N2 
group and the Ctrl group, the protein expression levels of PI3K, 
P‑AKT and Bcl‑2 in the pEGFP‑N2/XPD group were markedly 
decreased (P<0.05 or P<0.01), whereas the protein expression 
level of p21 in the pEGFP‑N2/XPD group was significantly 
upregulated (P<0.05 or P<0.01). There was no significant 
difference in the protein expression level of AKT among the 
pEGFP‑N2/XPD, pEGFP‑N2 and Ctrl groups (P>0.05). In 
addition, there was no significant difference in the expression 
levels of PI3K/AKT signaling pathway‑associated factors 
between the pEGFP‑N2 group and the Ctrl group (P>0.05). 
To further investigate the involvement of the PI3K/AKT 
pathway in XPD‑inhibited ESCC progression, the PI3K/AKT 
pathway inhibitor, LY294002 (10 µM) was used. Following 
transfection with XPD plasmid, the EC9706 or EC109 cells 
in the pEGFP‑N2/XPD + LY294002 group were treated with 

10 µmol/l of LY294002 for 0, 24, 48, 72 or 96 h. The prolifera-
tive abilities of the EC9706 or EC109 cells were then detected 
by CCK‑8 assay. The results revealed that XPD overexpres-
sion markedly inhibited the proliferative capabilities of the 
EC9706 or EC109 cells, and LY294002 significantly enhanced 
the suppressive effects (Fig. 5G and H, P<0.05 or P<0.01). To 
determine the association between XPD and other signaling 
pathways in ESCC, such as the NF‑κB, JAK2/STAT3 and 
MAPK signaling pathways  (16‑18), the protein expression 
levels of p65, p‑p65, STAT3, p‑STAT3, p38 MAPK and 
p‑p38 MAPK were detected in the EC9706 cells following 
the overexpression of XPD. As shown in Fig. 5I and J, there 
was no significant difference in the protein expression levels 
of NF‑κB p65, JAK2/STAT3, and p38 MAPK signaling path-
ways among the pEGFP‑N2/XPD, pEGFP‑N2 and Ctrl groups 
(P>0.05). These results indicated that the upregulation of XPD 
can inhibit the PI3K/AKT signaling pathway in ESCC.

Discussion

ESCC is one of the most common malignancies and the most 
commonly diagnosed type of esophageal cancer (19). ESCC 
ranks as the 6th most lethal cancer worldwide due to its high 
mortality (19,20). Esophageal cancer is often diagnosed at 
an advanced stage and the patient survival rate is very low 
due to the lack of specific symptoms and effective early 
diagnostic methods (21). Although multiple treatments, such 

Figure 4. Upregulation of XPD enhances the chemosensitivity of EC9706 and EC109 cells to cisplatin or fluorouracil. The effects of XPD upregulation 
on the chemosensitivity of EC9706 and EC109 cells to (A and B) cisplatin or (C and D) fluorouracil were determined by CCK‑8 assay. Date represent the 
means ± standard deviation. *P<0.05 or **P<0.01, vs. Ctrl group or pEGFP‑N2 group (n=3). pEGFP‑N2/XPD, pEGFP‑N2/XPD plasmid was transfected into 
EC9706 or EC109 cells; pEGFP‑N2, pEGFP‑N2 plasmid was transfected into EC9706 or EC109 cells; Ctrl, no transfection; XPD, xeroderma pigmentosum 
complementation group D.
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Figure 5. Effects of XPD overexpression on multiple signaling pathways in EC9706 cells and EC109 cells. (A and B) The mRNA expression levels of 
PI3K, AKT, Bcl‑2, c‑Myc, Cyclin D1, VEGF, MMP‑9 and p21 in EC9706 or EC109 cells were detected by RT‑qPCR. *P<0.05 or **P<0.01, vs. Ctrl group 
or pEGFP‑N2 group (n=3). (C‑F) The protein expression levels of PI3K, p‑AKT, AKT, Bcl‑2 and p21 in EC9706 or EC109 cells were detected by western 
blot analysis. (G and H) Following treatment with or without LY294002 (10 µM), cell proliferation was examined by CCK‑8 assay. *P<0.05 or **P<0.01, vs. 
pEGFP‑N2/XPD group (n=3). (I and J) The protein expression levels of p‑p65, p65, p‑STAT3, STAT3, p‑p38, and p38 in EC9706 cells were detected by 
western blot analysis. Data represent the means ± standard deviation. pEGFP‑N2/XPD, pEGFP‑N2/XPD plasmid was transfected into EC9706 or EC109 cells; 
pEGFP‑N2, pEGFP‑N2 plasmid was transfected into EC9706 or EC109 cells; Ctrl, no transfection; pEGFP‑N2/XPD + LY294002, pEGFP‑N2/XPD plasmid 
was transfected into EC9706 or EC109 cells and cells were then treated with LY294002 (10 µM); XPD, xeroderma pigmentosum complementation group D.
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as surgical resection, chemotherapy, and radiotherapy have 
been applied for ESCC treatment, the prognosis of ESCC 
remains poor (22‑24). Therefore, it is of utmost importance to 
better understand the molecular mechanisms responsible for 
the development of ESCC and to explore novel therapies with 
which to improve the survival of patients with ESCC.

XPD is located on 19q13.2‑q13.3 and encodes an 
ATP‑dependent DNA helicase (25). XPD751 polymorphism 
has been shown to be associated with the occurrence and devel-
opment of a wide range of malignancies, such as esophageal 
cancer, gastric cancer, and colorectal cancer (26‑28). Previous 
studies have demonstrated that XPD expression serves as a 
tumor suppressor in HCC (10,11,29). In a present study by the 
authors, it was found that the mRNA and protein expression 
levels of XPD in ESCC tissue samples were significantly lower 
than those in the adjacent normal esophageal tissue samples. 
To determine the role of XPD in ESCC, the in vitro cellular 
effects of XPD overexpression in ESCC were investigated 
through XPD transfection into EC9706 and EC109 cells. In 
the present study, it was demonstrated that XPD gene overex-
pression significantly reduced the proliferation and inhibited 
the migration and invasion of EC9706 or EC109 cells, whilst 
increasing cell apoptosis. Additionally, the upregulation of 
XPD gene enhanced the chemosensitivity of EC9706 and 
EC109 cells to cisplatin or fluorouracil.

Previous studies have indicated that the PI3K/AKT 
signaling pathway plays an important role in the occurrence, 
development and invasion of malignant tumors, such as 
esophageal cancer, colon cancer and gastric cancer (30‑32). A 
previous study by the authors demonstrated that the inhibition 
of the activation of AKT and the promotion of the expression of 
p21 inhibited cell proliferation and promotes cell apoptosis in 
hepatocellular carcinoma (12). In the present study, XPD was 
shown to be involved in the phosphorylation of AKT. Following 
XPD upregulation, the protein expression level of p‑AKT was 
significantly decreased, indicating that XPD overexpression 
may inhibit the activation of AKT and suppress PI3K/AKT 
signal transduction. p21 has been demonstrated to be involved 
in cell cycle progression and apoptosis, as well as in behaviors 
essential for tumorigenesis and tumor progression (33). The 
present study also demonstrated that the mRNA and protein 
expression levels of p21 were significantly upregulated 
following the overexpression of XPD. Previous studies have 
demonstrated that c‑Myc, Cyclin D1 and Bcl‑2 play crucial 
roles in regulating tumorigenesis and are significantly upregu-
lated during tumor progression (34‑36). The present study also 
revealed that the expression levels of c‑Myc, Cyclin D1 and 
Bcl‑2 were significantly downregulated following the over-
expression of XPD. Previous studies have demonstrated that 
the functions of VEGF and MMP‑9 are essential for tumor 
invasion (37,38). The present study also demonstrated that the 
mRNA expression levels of VEGF and MMP‑9 were both 
significantly decreased following the overexpression of XPD. 
As shown by the results of the present study, the expression 
level of XPD was low in ESCC tissues, EC9706 cells, or EC109 
cells; thus, XPD overexpression experiments were conducted 
and this is the reason that XPD knockdown experiments were 
not conducted in the EC9706 or EC109 cells. As such, the fact 
that there no XPD knockdown experiments were performed is 
a limitation of the present study.

In conclusion, the findings of the present study demon-
strate that the upregulation of XPD inhibits the proliferation, 
abrogates the migration and invasion, and promotes the apop-
tosis of EC9706 and EC109 cells by inhibiting the PI3K/AKT 
signaling pathway. XPD overexpression also enhanced the 
chemosensitivity of EC9706 and EC109 cells to cisplatin or 
fluorouracil. Based on the results of the present study, XPD 
may thus become a potential target for ESCC treatment and 
drug resistance in the future.
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